Background {#Sec1}
==========

Colorectal cancer (CRC) is one of the most common causes of cancer death in developed countries \[[@CR1], [@CR2]\]. Population-based CRC screening can reduce the incidence and mortality of CRC \[[@CR3]--[@CR6]\], which is why it is widely recommended \[[@CR7]--[@CR10]\]. CRC screening involves potential benefits, but it also involves potential harms and risks (such as overdiagnosis, overtreatment, false negatives, false positives and risks associated with colonoscopy) \[[@CR9]--[@CR14]\].Whether for an individual the potential benefits weigh up against the potential harms and risks is a complex issue, involving information as well as personal values \[[@CR15]--[@CR17]\], which has been the topic of an ongoing debate among experts \[[@CR13], [@CR14], [@CR17]--[@CR19]\]. Therefore, it is seen as important that people are enabled to make a well-informed and personal decision concerning participation based on a good understanding of the potential benefits and harms of CRC screening as well as their personal preferences \[[@CR15]--[@CR17], [@CR19], [@CR20]\].

In general, people seem to be quite positive about CRC screening. Since the introduction of the CRC screening programme in the Netherlands in January 2014, which is provided by the Dutch government, relatively many people from the eligible screening population (adults aged 55--75) have participated (71%) \[[@CR21]\]. In addition, the participation rates for the other cancer-screening programmes in the Netherlands (i.e. breast cancer screening and cervical cancer screening) have also been relatively high over the years (79% \[[@CR22]\] and 64% \[[@CR23]\], respectively), suggesting a positive view towards all forms of cancer screening. Several international studies into CRC screening suggest a generally positive view towards CRC screening as well \[[@CR24]--[@CR30]\]. It seems that most people believe that preventive screening for colorectal cancer is a good idea \[[@CR24], [@CR25], [@CR28]--[@CR30]\], important to do \[[@CR27], [@CR28]\] and saves lives \[[@CR29], [@CR30]\]. The majority of these studies, though, only studied the eligible screening population within the direct context of individual participation. They did not examine how the general public (which includes people inside as well as outside the eligible screening population) viewed CRC screening, with the exception of McCaffery et al. \[[@CR26]\] and Bruel et al. \[[@CR31]\]. Bruel et al. \[[@CR31]\], however, did not examine how people view CRC screening in its entirety; they only assessed what percentage of overdetection (i.e. overdiagnosis and overtreatment) people found acceptable. Thus, although there seems to be a generally positive view towards CRC screening, it is not well known how people outside the eligible screening population, and irrespective of their own participation, view CRC screening.

There are two main reasons why the opinion of the general public towards CRC screening is of relevance. Firstly, public opinion (in addition to other factors) may -- consciously or unconsciously -- affect people's personal views and attitude towards CRC screening and, consequently, their personal decision concerning participation \[[@CR32]--[@CR35]\]. Secondly, a considerable amount of Dutch government money is spent on the CRC screening programme. Thus, it seems important to gain more insight into whether the public are supportive of how this money is spent.

Public opinion is generally defined as the opinion of the majority or the dominant opinion within the public on a publicly relevant topic \[[@CR29], [@CR30], [@CR33], [@CR36]--[@CR38]\]. Previous research into public opinion (mostly in the field of sociology or political science) generally assessed public opinion by determining the level of support \[[@CR37], [@CR39]--[@CR41]\] and or attitude towards a certain issue or action \[[@CR29], [@CR30], [@CR36], [@CR37], [@CR40], [@CR41]\] among a large group of individuals representative for the public. Studies that assessed both level of support and attitude did this mostly based on the belief that people's attitude towards a certain issue affects their level of support. When assessing people's attitude, some studies made a distinction between people's personal attitude and their collective attitude \[[@CR33], [@CR36]\]. Someone's personal attitude reflects how they view and evaluate a certain issue or action while considering its implications for themselves (e.g. if they think that participating in CRC screening is a good idea for themselves or not). Someone's collective attitude, however, reflects how they view and evaluate a certain issue or action while considering its implications for the population or society as a whole (e.g. if they think that CRC screening is a good idea for the Dutch population as a whole or not).

Previous research into cancer screening and public opinion showed that people's attitude and level of support are often associated with several factors. Examining these factors and associations will provide a broader context for interpreting people's opinion about CRC screening. The most common key factors seem to be people's awareness, knowledge and perceived social norm regarding a certain issue. People's views towards a certain issue are likely to be affected by how aware and knowledgeable they are of the issue \[[@CR26], [@CR40]--[@CR43]\], and by how they perceive others like them to think and act regarding that issue (i.e. perceived social norm) \[[@CR32], [@CR39], [@CR42], [@CR44]--[@CR46]\]. Furthermore, the gender, age and education of the eligible screening population are often found to be associated with differences in people's individual attitudes towards, and knowledge of, CRC screening \[[@CR26], [@CR28], [@CR42], [@CR47], [@CR48]\]. It seems likely then that these characteristics might also be associated with differences in public opinion and knowledge concerning the CRC screening programme.

Our study aims to examine the opinion of the Dutch general public (adults 18 and older) regarding the CRC screening programme. Specifically, we aim to answer the following research questions:I.To what extent are the general public supportive of the CRC screening programme, from both a personal and a collective perspective? Are there differences associated with sociodemographic characteristics?II.To what extent is the public opinion a well-informed opinion? Are there differences associated with sociodemographic characteristics?

Methods {#Sec2}
=======

Questionnaire and participants {#Sec3}
------------------------------

We recruited participants via a national online research panel (Flycatcher Internet Research, [www.flycatcher.eu](http://www.flycatcher.eu/); ISO 26362). Members of this panel sign up voluntarily to participate in online research. They can earn points, which they can eventually exchange for a gift card. The questionnaire was pre-tested among 36 members of the online panel; they were asked to comment on comprehensibility, difficulty, length and intrusiveness of the survey. After the pre-test some adjustments in wording and format were made. For our survey, 3000 panel members aged 18 and above, varying in education and geographic location, were invited via e-mail in December 2014 to complete our online questionnaire. The response rate was 56% (1679 participants).

Measures {#Sec4}
--------

### Level of support {#Sec5}

We assessed support using three different question formats to provide a more comprehensive portrayal of support and to minimize socially desirable answers \[[@CR49], [@CR50]\]. We first asked participants if they thought it was good that the CRC screening programme existed in the Netherlands \[[@CR37], [@CR40]\] (5-point scale: 1 = *totally not good,* 5 = *totally good*). In addition, we asked participants in a more indirect way about their support for the CRC screening programme using a ranking question and a forced-choice question. In the ranking question, we presented participants with five possible ways the Dutch government could possibly deal with CRC (improving the treatment of CRC; offering preventive screening a.k.a. the CRC screening programme; conducting more research on the causes of CRC; providing public education about the symptoms and risk factors of CRC, and about what people can do themselves to decrease their risk of CRC; improving tools/methods to diagnose CRC) and asked them to rank these in order of importance (from 1 = *most important,* to 5 = *least important*). In the forced-choice question, we asked participants to choose whether they agreed or disagreed with four evaluative statements about the governmental costs of the CRC screening programme (I believe this is a good investment; this money would be better spent by the government on other issues in health care; this money would be better spent by the government on other ways to deal with CRC; the benefits of the CRC screening programme weigh up against the costs).

### Personal and collective attitude {#Sec6}

We assessed participants' personal and collective attitude by asking them to evaluate the CRC screening programme on six dimensions using 5-point semantic differential scales (bad-good; disturbing-reassuring; not meaningful-meaningful; not self-evident-self-evident; not frightening-frightening; unimportant-important). These dimensions were derived from the 10-item attitude scale used by Van Dam \[[@CR51]\]. We first assessed participants' collective attitude by asking them what they thought of the CRC screening programme for the Dutch population ('I believe the CRC screening programme to be ... for the Dutch population'). Subsequently, we assessed participants' personal attitude by asking them what they thought of the CRC screening programme for themselves ('I believe participating in the CRC screening programme to be ... for myself').

### Perceived social norm {#Sec7}

Perceived social norm was assessed by presenting participants with four statements about their perception of how others are viewing the CRC screening programme \[[@CR32]\] (I think that most people in my environment believe that the CRC screening programme is good/useful; I think that most people in the Netherlands believe that the CRC screening programme is good/useful) and asking them to what extent they agreed with each statement (5-point scales: 1 = *totally disagree,* 5 = *totally agree)*.

### Awareness and sources of information {#Sec8}

To assess awareness we asked participants if they had heard about the CRC screening programme. If they answered yes to this question, participants were asked if they had heard of the following topics related to the CRC screening programme: general information about CRC and the CRC screening programme; information about the stool-test procedure; participation in CRC screening being your own choice; the benefits of CRC screening; the CRC screening programme being offered by the government; information about the follow-up test (colonoscopy); the harms and risks of CRC screening; numerical information about CRC and the CRC screening programme; information about the stool-test quality; information about the potential costs for CRC screening participants; information about colonoscopy waiting lists. We then asked participants to indicate if they had heard of the CRC screening programme through any of the following information sources: television/radio; newspaper; people in their environment; online (news) websites; social media/online discussion forum; an invitation to participate in the programme; government website; their general practitioner; other.

### Knowledge {#Sec9}

Following the format of Siegrist and Cvetokovich \[[@CR52]\], we asked people to report how much they thought they knew about: 1) the benefits of the CRC screening programme; 2) the risks and harms of the CRC screening programme; 3) the stool test and follow-up test as part of the CRC screening programme (three separate questions; 5-point scales: 1 = *(almost) nothing*, 5 = *very much*). Additionally, we asked people six more specific multiple-choice knowledge questions about general aspects of CRC screening (derived from several sources \[[@CR10], [@CR48], [@CR53]\]). These questions consisted of two conceptual questions (about how much certainty the stool test provides) and four numerical questions (about the incidence of CRC, how many people die of CRC, how many deaths can be prevented by CRC screening, and the risk of getting CRC). See Additional file [1](#MOESM1){ref-type="media"}: Appendix A for a detailed description.

### Sociodemographic characteristics {#Sec10}

Data on gender, age and education (low, intermediate, high; according to the International Standard Classification of Education (ISCED), 2011) were gathered in order to examine whether there were any differences on the main variables associated with these characteristics.

Statistical analysis {#Sec11}
--------------------

We assessed the Cronbach's alpha for the forced-choice support question (.77), personal attitude (.85), collective attitude (.76), perceived social norm (.91) and self-rated knowledge (.86). The calculated total score for each of these variables (except the forced-choice support question) were the sum scores divided by the number of items, resulting in scores between one and five. The score for the forced-choice support question was calculated by adding the answers indicating support for the CRC screening programme, resulting in a total score ranging from one to five. With regard to the ranking support question, a mean ranking score was calculated for the CRC screening programme (and the other options part of the ranking) based on ranking placement and corresponding weight (with rank 1 having a weight of 5 and rank 5 having a weight of 1) and the number of people ranking the option on the same place. With regard to the specific multiple-choice knowledge questions, we calculated a total score based on how many questions were answered correctly.

For descriptive purposes, we assigned categories to the scores for support, attitude, perceived social norm and self-rated knowledge. Scores of four and five were classified as having: high support, a positive attitude, a positive perceived social norm, much knowledge. Scores of three were classified as having: moderate support, a neutral attitude, a neutral perceived social norm, not a little knowledge/not a lot of knowledge. Scores of one and two were classified as having: low support, a negative attitude, a negative perceived social norm, no or little knowledge. All analyses are based on the original range of scores (1--5) and not on the categories we assigned.

Descriptive statistics were calculated for all variables, and correlational analysis was used to examine possible associations between the variables. To examine differences related to gender, age or education we used multiple linear regression analysis (for the direct support question, forced-choice support question, personal attitude, collective attitude, perceived social norm, self-rated knowledge, and the specific multiple-choice knowledge questions), multiple logistic regression analysis (for the questions regarding awareness and information sources), and multiple multinomial logistic regression analysis (for the ranking support question). Age was entered as a continuous variable. All analyses were carried out using SPSS 22.0.

Results {#Sec12}
=======

Sample characteristics {#Sec13}
----------------------

A total of 1679 participants responded to our survey. Table [1](#Tab1){ref-type="table"} presents the sociodemographic characteristics of the study sample. The median age was 51 years old. People aged 65 years and older were overrepresented (25%). The distribution of the study sample with regard to gender, age, education and geographic location was representative of the Dutch adult population (i.e. the general public) based on data from Statistics Netherlands \[[@CR54]\]. Non-response analysis showed that people were more likely to have participated in our survey when older, higher educated or male.Table 1Demographic characteristics of the sample populationN (%)Total1679 (100)*Gender* Men903 (54) Women776 (46)*Age category* 18--24123 (7) 25--34235 (14) 35--44258 (15) 45--54362 (22) 55--64285 (17) 65+416 (25) ^a^*Education* Low544 (32) Intermediate681 (41) High454 (27)^a^Total percentage is more than 100% due to rounding up

Level of support {#Sec14}
----------------

People were supportive of the CRC screening programme when asked directly (*M* = 4.12, *SD* = .69) as well as when using the forced-choice question (*M* = 4.18, *SD* = 1.23) or ranking question (*mean rank* = 3.22; see Additional file [1](#MOESM1){ref-type="media"}: Appendix B for an overview of all mean ranking scores). Table [2](#Tab2){ref-type="table"} shows the relevant frequencies and percentages. With regard to the direct support question, there was no difference related to gender, but people were less supportive when higher educated and more supportive when older (Table [3](#Tab3){ref-type="table"}). With regard to the forced-choice question, people were more supportive when male (Table [3](#Tab3){ref-type="table"}). There was no difference related to age or education. When looking at the calculated mean scores for the ranking question, we see that people are more supportive when female or older and less supportive when higher educated. Multinomial logistic regression analysis was carried out to further examine these differences. We found that women more often than men place the CRC screening programme at number 2 in the ranking and less often at number 4. When older, people place the CRC screening programme more often at number 1 in the ranking and less often at number 5. When higher educated, people place the CRC screening programme less often at number 1 in the ranking and more often at number 4 (data not shown, see Additional file [2](#MOESM2){ref-type="media"}).Table 2Level of support, attitude and perceived social norm regarding CRC screening programmeVariables^a,b^N (%)Support CRC screening programme  *Direct question*  Low support (score \<3)28 (2)  Moderate support (score = 3)211 (12)  High support (score \>3)1440 (86)  *Forced-choice question*  Low support (score \<3)192 (11)  Moderate support (score = 3)193 (12)  High support (score \>3)1294 (77)  *Ranking question*  Low support (ranked at No. 4 or 5)592 (35)  Moderate support (ranked at No. 3)283 (17)  High support (ranked at No. 1 or 2)804 (48)Attitude CRC screening programme  *Personal attitude*  Negative attitude (score \<3)120 (7)  Neutral attitude (score = 3)131 (8)  Positive attitude (score \>3)1428 (85)  *Collective attitude*  Negative attitude (score \<3)54 (3)  Neutral attitude (score = 3)65 (4)  Positive attitude (score \>3)1560 (93)Perceived social norm CRC screening programme Negative perceived social norm (score \<3)38 (2) Neutral perceived social norm (score = 3)161 (10) Positive perceived social norm (score \>3)1480 (88)^a^Total *n* = 1679^b^Minimum score: 1, maximum score: 5 Table 3Associations between sociodemographic characteristics and support, attitude, perceived social norm and knowledge (multiple linear regression analysis)VariablesB95% CISupport -- Direct question Gender ^a^.055-.012--.123 Age ^b^.002.000--.005 Education^d^  Intermediate-.030-.110--.050  High-.177\*-.266---.088Support -- Forced-choice question Gender ^a^-.141\*-.262---.020 Age ^b^.003-.001--.007 Education ^d^  Intermediate-.042-.185--.102  High-.111-.271--.049Personal attitude Gender ^a^.124\*.051--.196 Age ^b^.011\*\*.009--.013 Education ^d^  Intermediate.008-.078--.093  High-.120\*-.215---.024Collective attitude Gender ^a^.059.000--.118 Age ^b^.004\*\*.002--.005 Education ^d^  Intermediate-.044-.114--.025  High-.162\*\*-.240---.084Perceived social norm Gender ^a^.010-.046--.066 Age ^b^.000-.002--.002 Education ^d^  Intermediate-.053-.120--.014  High-.065-.139--.010Self-rated knowledge Gender ^a^.167\*\*.085--.248 Age ^b^.019\*\*.016--.022 Education ^d^  Intermediate.075-.121--.171  High.117\*.010--.225Specific multiple-choice knowledge questions Gender ^a^-.058-.168--.051 Age ^b^-.001-.004--.003 Education ^d^  Intermediate.193\*.064--.323  High.280\*\*.136--.425^a^Reference group is men^b^Age was entered as a continuous variable^d^Reference group is low education\*Significant at level *p* \< .05\*\*Significant at level *p* \< .001

Personal and collective attitude {#Sec15}
--------------------------------

People hold a positive personal (*M* = 4.06, *SD* = .76) and collective attitude (*M* = 4.07, *SD* = .60) towards the CRC screening programme (see Table [2](#Tab2){ref-type="table"} for the relevant frequencies and percentages). People hold a more positive personal attitude when female, older or lower educated (Table [3](#Tab3){ref-type="table"}). With regard to collective attitude, we also found people to be more positive when older or lower educated, but there was no difference related to gender.

Perceived social norm {#Sec16}
---------------------

People perceived others like them to be positive towards the CRC screening programme (*M* = 3.95, *SD* = .57; see Table [2](#Tab2){ref-type="table"} for the relevant frequencies and percentages). We found no significant difference associated with gender, age or education (Table [3](#Tab3){ref-type="table"}).

Awareness and sources of information {#Sec17}
------------------------------------

Eighty percent of respondents (*N* = 1348) had heard of the CRC screening programme, and 61% (*N* = 1021) also knew what the CRC screening programme entailed. Table [4](#Tab4){ref-type="table"} shows which specific topics people had heard about and which information sources were used. Those that had heard of the CRC screening programme mostly reported hearing about general information on CRC and CRC screening (74%). People reported hearing more about the benefits of CRC screening (55%) than about the possible harms and risks of CRC screening (22%). People had heard about the CRC screening programme mostly through traditional media (television/radio 55%, and newspaper 36%). People had heard more often of the CRC screening programme when female (*OR* = 1.361, *95% CI:* 1.048 ─ 1.768), older (*OR* = 1.061, *95% CI:* 1.051 ─ 1.071) or higher educated (intermediate vs. low education *OR* = 1.377, *95% CI*: .994--1.909, *p* = .054; high vs. low education *OR* = 1.410, *95% CI*: .992--2.004, *p* = .055). Table [5](#Tab5){ref-type="table"} shows any differences related to gender, age or education in awareness and information sources used. People had heard more often of many of the specific topics when female, older or higher educated. When older, people used the newspaper and television/radio more often as an information source, and websites and social media less often.Table 4Awareness, information sources and knowledge regarding CRC screening programmeVariablesN (%)Awareness^b^  *\[Q: What have you heard about the CRC screening programme?\]*  General information about CRC and the CRC screening programme993 (74)  Information about the stool-test procedure783 (58)  Participating in CRC screening is your own choice752 (56)  What the benefits of CRC screening are744 (55)  That the CRC screening programme is offered by the government703 (52)  Information about the follow-up test (colonoscopy)530 (39)  What the harms and risks of CRC screening are293 (22)  Numerical information about CRC and the CRC screening programme250 (18)  Information about the stool-test quality184 (14)  Information about the potential costs for CRC screening participants123 (9)  Information about colonoscopy waiting lists61 (4)  None of the above76 (6) ^a^Information sources^b^  *\[Q: Where did you hear about the CRC screening programme?\]*  Television/radio743 (55)  Newspaper492 (36)  People in my environment416 (31)  Online (news) websites257 (19)  Invitation to participate166 (12)  Government website48 (4)  Social media/online (discussion) forum40 (3)  General practitioner39 (3)  Other65 (5) ^a^Self-rated knowledge about the CRC screening programme^a,d^ No or little knowledge (score \<3)594 (35) Not little/not much knowledge (score = 3)435 (26) Much knowledge (score \>3)650 (39)Looking at the three items of self-rated knowledge separately:  *Knowledge on benefits of CRC screening programme*  No or little knowledge (score \<3)342 (20)  Not little/not much knowledge (score = 3)662 (40)  Much knowledge (score \>3)675 (40)  *Knowledge on harms and risks of CRC screening programme*  No or little knowledge (score \<3)565 (34)  Not little/not much knowledge (score = 3)759 (45)  Much knowledge (score \>3)355 (21)  *Knowledge on procedure of CRC screening programme*  No or little knowledge (score \<3)499 (30)  Not little/not much knowledge (score = 3)632 (37)  Much knowledge (score \>3)548 (33)Specific multiple-choice knowledge questions about CRC screening programme^a^\
*(answered correctly)* Approximately how many people a year in the Netherlands get colon cancer?834 (50) Approximately how many people a year in the Netherlands die of colon cancer?613 (36) Approximately how many colon cancer deaths a year in the Netherlands can be prevented with the CRC screening programme?429 (26) What do you think is the risk of an average Dutch person getting colon cancer during their lifetime?807 (48) If the stool test shows positive for blood, is it 100% certain that someone has colon cancer?1642 (98) If the stool test shows negative for blood, is it 100% certain that someone does not have colon cancer?1632 (97)^a^Total *n* = 1679^b^Total *n* = 1348 (those who had heard of the CRC screening programme)^c^Total percentage is more than 100% because multiple answers were possible^d^Minimum score: 1, maximum score: 5 Table 5Associations between sociodemographic characteristics and awareness and information sources (multiple logistic regression analysis)VariablesOR95% CIInformation heard: General information about CRC and the CRC screening programme Gender ^a^1.068.830--1.375 Age ^b^1.018\*\*1.009--1.027 Education ^d^  Intermediate1.808\*\*1.352--2.416  High2.573\*\*1.818--3.640Information heard: Information about the stool-test procedure Gender ^a^1.894\*\*1.492--2.405 Age ^b^1.042\*\*1.034--1.051 Education ^d^  Intermediate1.135.864--1.492  High1.453\*1.065--1.981Information heard: Participating in CRC screening is your own choice Gender ^a^1.867\*\*1.480--2.355 Age ^b^1.031\*\*1.023--1.039 Education ^d^  Intermediate1.313\*1.005--1.716  High1.371\*1.015--1.854Information heard: What the benefits of CRC screening are Gender ^a^1.509\*\*1.198--1.901 Age ^b^1.035\*\*1.027--1.043 Education ^d^  Intermediate1.275.976--1.667  High1.467\*1.084--1.987Information heard: That the CRC screening programme is offered by the government Gender ^a^1.550\*\*1.235--1.945 Age ^b^1.026\*\*1.018--1.034 Education ^d^  Intermediate1.426\*1.095--1.856  High1.760\*\*1.304--2.374Information heard: Information about the follow-up test (colonoscopy) Gender ^a^1.493\*1.181--1.886 Age ^b^1.031\*\*1.023--1.040 Education ^d^  Intermediate1.348\*1.029--1.767  High1.577\*1.161--2.143Information heard: What the harms and risks of CRC screening are Gender ^a^1.084.823--1.429 Age ^b^1.024\*\*1.014--1.034 Education ^d^  Intermediate1.434\*1.033--1.990  High2.309\*\*1.620--3.292Information heard: Numerical information about CRC and the CRC screening programme Gender ^a^1.043.780--1.396 Age ^b^1.021\*\*1.011--1.032 Education ^d^  Intermediate1.011.719--1.422  High1.645\*1.143--2.370Information heard: Information about the stool-test quality Gender ^a^1.019.729--1.423 Age ^b^1.035\*\*1.022--1.047 Education ^d^  Intermediate1.198.820--1.750  High1.482.972--2.260Information heard: Information about the potential costs for CRC screening participants Gender ^a^.985.666--1.458 Age ^b^1.022\*1.008--1.036 Education ^d^  Intermediate1.240.799--1.926  High1.095.654--1.835Information heard: Information about colonoscopy waiting lists Gender ^a^1.266.735--2.181 Age ^b^1.033\*1.013--1.054 Education ^d^  Intermediate1.214.663--2.224  High1.139.557--2.332Source of information: Newspaper Gender ^a^.909.716--1.154 Age ^b^1.036\*\*1.028--1.045 Education ^d^  Intermediate1.419\*1.074--1.874  High2.148\*\*1.569--2.942Source of information: Television/radio Gender ^a^1.123.897--1.407 Age ^b^1.017\*\*1.010--1.025 Education ^d^  Intermediate1.210.930--1.574  High.821.612--1.101Source of information: People in my environment Gender ^a^1.314\*1.033--1.672 Age ^b^.977\*\*.969--.985 Education ^d^  Intermediate.818.614--1.091  High.920.668--1.266Source of information: Online (news) websites Gender ^a^.667\*.501--.888 Age ^b^.979\*\*.970--.988 Education ^d^  Intermediate.893.638--1.249  High.929.642--1.344Source of information: Invitation to participate Gender ^a^.868.591--1.274 Age ^b^1.096\*\*1.077--1.116 Education ^d^  Intermediate1.051.707--1.562  High.879.538--1.437Source of information: Government website Gender ^a^.863.476--1.565 Age ^b^.997.977--1.017 Education ^d^  Intermediate.943.499--1.782  High.300\*.109--.827Source of information: Social media/online (discussion) forum Gender^a^.960.506--1.824 Age^b^.968\*.948--.988 Education^d^  Intermediate.855.401--1.822  High.603.246--1.482Source of information: General practitioner Gender^a^.608.299--1.234 Age^b^1.025\*1.000--1.051 Education^d^  Intermediate.548.256--1.174  High.617.262--1.456^a^Reference group is men^b^Age was entered as a continuous variable^d^Reference group is low education\*Significant at level *p* \< .05\*\* Significant at level *p* \< .001

Knowledge {#Sec18}
---------

The mean score for self-rated knowledge was 2.98 (*SD* = .87), indicating that people did not think they had little knowledge about the CRC screening programme, but also not a lot (see Table [4](#Tab4){ref-type="table"} for the relevant frequencies and percentages). When looking at the three questions separately, we see that people reported knowing most about the benefits of the CRC screening programme (*M* = 3.21, *SD* = .94) and least about the harms and risks (*M* = 2.75, *SD* = .97). On average, people answered three or four of the specific multiple-choice knowledge questions correctly (*M* = 3.55, *SD* = 1.11). Almost everyone correctly answered the two conceptual questions on how much certainty the stool test gives about having colon cancer (98%) or not having colon cancer (97%). People's self-rated knowledge was higher when female, older or higher educated (Table [3](#Tab3){ref-type="table"}). With regard to the specific knowledge questions, we found no difference related to gender or age, but more questions were answered correctly when higher educated.

Associations between key components {#Sec19}
-----------------------------------

We assessed support using different question formats. The direct support question was positively correlated with personal attitude (*r* = .57, *p* \< .001), collective attitude (*r* = .59, *p* \< .001) and perceived social norm (*r* = .51, *p* \< .001). The forced-choice support question was also positively correlated with personal attitude (*r* = .44, *p* \< .001), collective attitude (*r* = .44, *p* \< .001) and perceived social norm (*r* = .33, *p* \< .001). Personal and collective attitude were highly correlated (*r* = .78, *p* \< .001). Perceived social norm was positively correlated with personal attitude (*r* = .48, *p* \< .001) and collective attitude (*r* = .52, *p* \< .001). Awareness, self-rated knowledge and correctly answering the specific multiple-choice knowledge questions were weakly or non-significantly correlated to each other as well as with support, attitude and perceived social norm (also when looking at the awareness topics and self-rated knowledge questions separately; data not shown, see Additional file [3](#MOESM3){ref-type="media"}).

Discussion {#Sec20}
==========

In our study, we found that the Dutch public are in general positive about and supportive of the CRC screening programme. People do not seem to differ in their evaluation of the personal and societal implications of the CRC screening programme, and perceive others to be positive about the programme as well. The majority of the Dutch public (80%) was aware of the CRC screening programme, but most reported knowing more about the benefits of CRC screening than about its possible harms and risks. Level of support, attitude and perceived social norm were positively associated with each other.

Our findings seem to be in line with previous research into CRC screening, which also found people to be generally positive about CRC screening. However, previous studies mainly examined individual attitudes of the eligible screening population \[[@CR24], [@CR29], [@CR30]\]. Our results indicate that the positive view towards CRC screening is not limited to those eligible for screening.

Although the majority of the Dutch public is supportive of the CRC screening programme, we did find substantial variations between the three formats used to assess support. We found the biggest proportion of support (86%) when asked directly and the smallest proportion when using the ranking question (48%). Apparently, people value the CRC screening programme less when explicitly being asked to consider that there are limited possibilities and resources and to compare the importance of the CRC screening programme to other options concerning dealing with CRC. Thus, people might believe the CRC screening programme to be a good idea in itself, but when having to choose between other options to deal with CRC, the CRC screening programme is not necessarily the option everyone would choose \[[@CR55], [@CR56]\].

The overall positive view of the Dutch public towards the CRC screening programme might in part be explained by the finding that people were more aware of and knowledgeable about the benefits of CRC screening than about its possible harms and risks. Previous research into CRC screening also shows that people are generally more aware of the benefits of CRC screening than of the harms and risks \[[@CR28]--[@CR31], [@CR42]\]. This is not surprising because, until recently, the communication about cancer screening focused on screening being beneficial and a good thing to do \[[@CR11]--[@CR13], [@CR57], [@CR58]\]. Nowadays, fostering making informed decisions \[[@CR19]\], the potential benefits as well as the harms and risks of CRC screening are mentioned in the public communication by the Dutch government \[[@CR59]\]. However, we found that for the general public the main source of information is not the communication by the government, but traditional media. They may filter or frame their message in a certain way \[[@CR60], [@CR61]\], affecting what information people receive and remember best \[[@CR34], [@CR60], [@CR61]\].

That most people are less aware of the harms and risks of CRC screening raises the question of whether they would still be as supportive if they knew more about the potential negative sides of CRC screening. Correlations based on our complete sample do not conclusively indicate that people are less supportive of CRC screening when more aware of its negative sides. However, among higher educated people, we found more awareness of the harms and risks and more knowledge about CRC screening in general, and they were also less supportive and positive about the CRC screening programme. Earlier research into the relationship between knowledge (on both benefits and harms) and attitude regarding CRC screening shows mixed results \[[@CR26], [@CR28], [@CR42]\]. Drawing definitive conclusions concerning the relationship between knowledge and attitude is complicated by the fact that there does not seem to be an agreement on what people ought to know about CRC screening and when people have good or sufficient knowledge. Studies use different knowledge questions \[[@CR26], [@CR28], [@CR42], [@CR48], [@CR62]\], different outcome measures \[[@CR26], [@CR48], [@CR62]\] and different cut-off points \[[@CR48], [@CR62]\]. People in our study answered about half to two-thirds of our specific multiple-choice knowledge questions correctly. Additionally, they rated themselves as knowing not little, but also not much about CRC screening. Without a clear definition on what is seen as sufficient knowledge, it is difficult to say whether participants in our study had sufficient knowledge about CRC screening to base their views and opinion on.

Besides having knowledge about all aspects of CRC screening, it is also important that people fully understand this information and are able to use it in forming an opinion or making a decision. These 'health literacy' skills are often found to be associated with cancer screening participation \[[@CR63], [@CR64]\]. Higher educated people might be better able to handle the complex information associated with CRC cancer screening \[[@CR12], [@CR19], [@CR65], [@CR66]\]. Previous research into risk information and risk communication shows that most people find it difficult to interpret and understand information about risks, probabilities and weighing up pros and cons, especially when it is presented numerically \[[@CR28], [@CR67], [@CR68]\]. In our study, we also found that people had the most difficulty when answering the knowledge questions that asked about numerical information concerning CRC screening and not with the more conceptual questions. Thus, although people are supportive of the CRC screening programme, this may not be based on a full comprehension of what CRC screening entails.

A limitation of our study is that our specific multiple-choice knowledge questions asked about the main general aspects of CRC screening. We did not include a broad range of questions about the specific benefits and the specific harms and risks. Therefore, we could not examine whether having more 'objective' knowledge (compared to the more 'subjective' self-rated knowledge we did assess) on the benefits or on the harms and risks might have been related to having a more or less positive view towards CRC screening. Another limitation might be that we used a random sample of members of a national internet panel as participants. People who participate in online research may differ in significant ways from people who do not participate in online research. They might be, for example, more interested in or positive towards CRC screening to begin with, possibly resulting in an overestimation of public support for the CRC screening programme. Thirdly, we examined whether there were any differences in public opinion related to gender, age and education. However, other sociodemographic characteristics may also be associated with differences in public opinion. For example, among the eligible CRC screening population, people with a lower income, lower social-economic status or belonging to a minority group are regularly found to think less positive about CRC screening \[[@CR42], [@CR47]\]. Future research could focus on examining how sociodemographic characteristics other than gender, age and education might be associated with differences in public opinion. A strength of our study is that we used three different question formats to assess level of support, providing a more comprehensive portrayal of support.

Conclusion {#Sec21}
==========

The Dutch public are supportive of the CRC screening programme, although not everyone might be as supportive when having to choose between other options concerning dealing with CRC. People's support for the CRC screening programme may not be based on sufficient knowledge or a full comprehension of what screening entails. Future research could focus on examining what kind and amount of knowledge people need to have in order to form a well-founded opinion, and how to ensure that people are adequately informed.

Additional files {#Sec22}
================

Additional file 1: Appendix A.Specific multiple-choice knowledge questions. **Appendix B.**Overview of mean ranking scores regarding the ranking support question. (DOCX 16 kb) Additional file 2:Multinomial regression analyses ranking support question_spss output. (DOCX 326 kb) Additional file 3:Correlations key components_spss output. (DOCX 58 kb)

Not applicable.

Funding {#FPar1}
=======

This research was funded by the Strategic Programme of the National Institute for Public Health and the Environment (RIVM).

Availability of data and materials {#FPar2}
==================================

The data supporting the conclusions of this article are included within the article and it's additional files.

Authors' contribution {#FPar3}
=====================

All authors made significant contributions to the conception of this study. LD analysed the data and drafted the manuscript with contributions from EU and DT. All authors read and approved the final manuscript.

Competing interests {#FPar4}
===================

The authors declare that they have no competing interests.

Consent for publication {#FPar5}
=======================

Not applicable.

Ethics approval and consent to participate {#FPar6}
==========================================

The Medical Ethics Review Committee of VU University Medical Centre (IRB00002991, FWA00017598) has declared that the Medical Research Involving Human Subjects Act (WMO) does not apply to this study and an official approval of this study by their committee is not required.
